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Abstract: In order to describe changes in water regime and production parameters caused by red polyethylene (PE)
mulch in dehydrated watermelon (Citrullus lanatus (Thunb.) Matsum. & Nakai) plants, as well as to define their
transpiration efficiency (TE) and water use efficiency (WUE) under different temperature environments, 2 individual
pot experiments (summer external experiment and autumnal greenhouse experiment) were conducted.
We found that red mulch reduced leaf relative water content (RWC) fall caused by water restriction but osmotic
adjustment (OA) was not responsible for this stress alleviation. A general OA was observed in the course of dehydration,
possibly associated with developmental changes as amplified by exposition to high air temperatures. Mulched watermelon
plants produced significantly more dry biomass (W) and leaf area (A) than plants without mulch protection. They also
reached much higher transpiration rates (T) but lower evaporation rates (E). However, due to red PE mulch TE appeared
below that of non-mulched plants. On the other hand, WUE corresponded with the results of recent works exclusively
on black PE mulch, since it was enhanced by mulch. Cooler autumnal conditions resulted in higher RWC, W, and A, but
in lower T, TE, and WUE differences between treatments. These results are discussed in context of effective water use
(EUW), a new parameter arising from WUE failure in breeding for drought resistance.
Key words: Biomass production, dehydration, red polyethylene mulch, watermelon, water regime

Introduction
Following estimations, up to 45% of the world’s
agricultural lands, where 38% of the world human
population resides, are subjected to continuous or
frequent drought (Ashraf and Foolad 2006). Regular
drought with sometimes extraordinarily intensive
fluctuations is a common late-spring and summer
characteristics for the most important agricultural
area located in the southwestern part of Slovakia
(the Danube Lowland) as well (Špánik and Tomlain
1997). This is the only region for field cultivation of

thermophilic watermelon (Citrullus lanatus (Thunb.)
Matsum. & Nakai) in our country (Kóňa et al. 2007).
Among the criteria widely used by crop
physiologists/breeders for drought resistance
screening in diverse plant material, there is a complex
parameter integrating production and water regime
characteristics, called water use efficiency (WUE).
Different ways for its determination are listed
in a review by Tambussi et al. (2007). Water use
efficiency can be measured by leaf/plant/canopy
gas exchange (as a ratio of net CO2 assimilation
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rate (A) and transpiration rate (E) – instantaneous
WUE, or stomatal conductance (g) – intrinsic WUE),
or calculated as a ratio of integrating parameters –
biomass/yield and (evapo)transpiration. Indirectly
it can be estimated through carbon isotope
discrimination (Δ13C).
Many implications for WUE improvement in
cereals cultivated under rainfed conditions have
arisen recently. Focus was given to crop fenology
(early vigor and timing of the flowering stage –
matching crop development and seasonal rainfall
pattern), plant architecture, leaf anatomy and
morphology facilitating heat convection, as well as
deeper root system and larger capacity for osmotic
adjustment enabling better water uptake (Araus et al.
2002; Richards et al. 2002).
However, there are more crop management
strategies for saving water and improving
productivity: soil evaporation can be substantially
reduced through minimum tillage and using
different mulching materials or crop residues. This
is also possible by rapid ground cover achievement
using optimized fertilization, and weed, pest, and
disease management. However, there is a risk
of larger transpiratory water loss in subsequent
seasons. Also very promising is the so-called “deficit
irrigation”, relying on higher sensitivity of stomata
than photosynthesis to water deficit. In this respect,
important is the deficit fine tuning to limit vegetative
and support generative growth and production
quality (Morison et al. 2008).
Mulching represents a common intensifying
element in cultivation technology of many
horticultural crops, including watermelon (Carranca
2006). Reasons for their extended use include ability
to grow orchard plants at cooler stands (Karhu et
al. 2007), getting higher yields (Tuli and Yeşilsoy
1997; Diaz-Perez and Batal 2002), improved fruit
quality (Farias-Larios and Orozco-Santos 1997)
and cleanness (Kasperbauer and Hunt 1998), and
regulation of disease, pest, and weed dynamics
(Fortnum et al. 2000; Webster 2005; Diaz-Perez et al.
2007). However, only a few studies have focused on
characterization of their effects on plant water budget
and WUE.
Kirnak et al. (2003) reported a positive effect of
black polyethylene (PE) mulch on water stressed bell
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pepper (Capsicum annum L.) performance. They
found that mulching foil reduced loss of leaf relative
water content, chlorophyll concentration, and plant
dry matter caused by stress, and improved fruit yield
and fruit size. Polyethylene mulch also increased
plant WUE and caused better availability of mineral
nutrients. The same was true for cucumber (Cucumis
sativus L.), as referred to in a later study by this
research team (Kaya et al. 2005). Kirnak and Demirtas
(2006) tested a combination of black PE film and
wheat straw as well. They concluded that black foil
and straw alone led to improvement of plant dry
matter, fruit yield, and irrigation water use efficiency
(IWUE) as well as WUE under half irrigation of local
A pan evaporation. Simultaneous application of both
mulches caused further amelioration of negative
water stress.
However, no research group has focused on testing
effects of diverse foil color on WUE in any crop.
For this reason and also because of the best results
on water saving ability among different mulching
materials in our recent works (Ferus et al. 2009), red
PE mulch was chosen for experiments on WUE study
under restricted water supply and different ambient
temperatures. Moreover, we carried out an analysis
of transpiration efficiency (TE), a specific integrative
parameter often interpreted as WUE. These results
were discussed from the viewpoint of a new
parameter, effective use of water (EUW), recently
presented by Blum (2009), implying maximal soil
moisture capture for transpiration.
Materials and methods
Plant material, cultivation, and treatment
Watermelon (Citrullus lanatus (Thunb.) Matsum.
& Nakai) seedlings of middle vigorous and early
fruiting Pauline F1 hybrid (Clause vegetable
seeds, France) with 4 true leaves were prepared in
external conditions, at the Department of Vegetable
Production, Slovak Agricultural University (in July
and August 2009) using Primaflora sowing substrate
(Agro CS Slovakia a.s., Slovakia) made from peat and
sand, with improved pH (5-6.5) and supplied mineral
nutrients. Because of relatively slow early growth,
seedlings were fertilized once with 0.5% solution
of fluid full-scale fertilizer Harmavit (Agrichem
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Ximix s.r.o., Slovakia). After almost 1 month they
were transplanted into 5-L plastic pots, filled with
Primaflora organic garden substrate (Agro CS a.s.,
Czech Republic) made from peat and ripe garden
compost (pH 5-7) with optimized mineral nutrition,
and left to acclimate for 1 week. Then the plants were
fertilized once again (0.5% Harmavit), and one half of
the pots was covered by 50 μm thick red (Maxithen HP
431641) polyethylene foil (Bralen RA 2-63, Plastika
a.s., Slovakia) as a mulch. Some of mulched as well
as non-mulched pots were submitted to dehydration
by water witholding, until permanent plant wilting
occurred. Thus, there were 4 treatments: D –
dehydrated plants, D+M – dehydrated and mulched
plants, H – hydrated plants, and H+M – hydrated
and mulched plants. Two individual experiments
were carried out in 2009, a summer external one (in
July/August) and an autumnal greenhouse one (in
September/October, with heating when maximal
daily air temperature fell below 15 °C). In both cases,
pest and disease protection was managed.
Measurements of physiological and growth
parameters
At the beginning, during, and at the end of the
dehydration cycle (summer experiment) or only
at its beginning and end (autumnal experiment),
parameters describing water dynamics and
productivity in watermelon were recorded. At
1300 hours the youngest expanded leaf from the
main shoot was taken for relative water content as
well as osmotic potential and osmotic adjustment
determination.
A simple gravimetric method was used for relative
water content (RWC) definition. After knowing the
actual, water-saturated, and dry weight of a sample, it
can be determined using this equation:
RWC = ((wact – wdw) / (wsat – wdw)) × 100

(%)

where wact – actual weight of sample (g), wsat – weight
of sample in water saturated state (g), and wdw –
sample dry weight (g).
Leaf osmotic potential (OP) was determined using an
Abbé refractometer and van´t Hoff´s equation for ideal
gas. Melted tissue was squeezed for cell sap in order
to determine its refractive index, which was related

to osmotic potential of sucrose solution of increasing
concentration at room temperature. The van´t Hoff´s
formula was applied for osmotic potential calculation:
OP = – R × T × c × i

(MPa)

where R – universal gas constant 8.314 J mol-1 K-1, T
– thermodynamic temperature (K), c – molar solute
concentration (M), and i – dissociation coefficient of
the solute.
Linear regression between index of refraction and
calculated osmotic potential was:
y = – 0.075 x
From OP data, leaf osmotic adjustment (OA)
could be calculated. For this purpose the method of
Morgan (1992) was applied. Participation of droughtinduced cell content concentration in osmotic
potential was calculated as:
OP0 = OPw × ((RWCw /100) / (RWCd /100)) (MPa)
where OP0 – concentration effect in osmotic potential
(MPa), OPw – osmotic potential of well watered
leaf (MPa), RWCw – relative water content of well
watered leaf (%), and RWCd – relative water content
of dehydrated leaf (%)
OA = OPd – OP0

(MPa)

where OPd – osmotic potential of dehydrated leaves
(MPa).
Thereafter plants were analyzed for active leaf
area (A) and total dry matter (above-ground and
root dry matter, W). Total leaf area was ascertained
through leaf dry weight and specific leaf area (SLA),
calculated by using this equation:
SLA = A / WL

(m2 g-1)

where A – leaf area (m2) and WL – leaf dry weight (g).
393

Water dynamics and productivity in dehydrated watermelon plants as modified by red polyethylene mulch

Simultaneously, evaporative and transpirative
water loss, as influenced by plastic cover mulch,
was determined by simple gravimetric method.
These data combined with data of total dry matter
and active leaf area difference enabled definition of
average transpiration rate (T), average evaporation
rate (E), transpiration efficiency (TE), and water use
efficiency (WUE) in dehydrated watermelon plants
(Richards et al. 2002), presented below:
T = t / (a × d) = (m0 – m1 – e) / (a × d) (g m-2 d-1)
E = e / (p × d)

(g m-2 d-1)

TE = w / t = w / (m0 – m1 – e)
WUE = TE / (1 + e / t)
where t – water lost during dehydration period by
transpiration (g), m0 – initial pot weight reduced
by actual plant dry weight (g), m1 – final pot weight
reduced by actual plant dry weight (g), e – water lost
during dehydration period by evaporation, weight
difference of pots without plants (g), a – average plant
leaf area between initial and final stage of dehydration
period (m2), p – soil surface area (m2), d – duration
of the dehydration period (days), and w – difference
in plant dry weight between initial and final stage of
dehydration period (g).

osmotic potential, osmotic adjustment, total leaf
area, plant dry matter, transpiration rate, evaporation
rate, transpiration efficiency, and water use efficiency,
recorded in 6 repetitions.
Results
Summer external experiment
This experiment was relatively homogeneous in
respect of air temperature (Figure 1). Maximal daily
values (TAmax) fluctuated between 30 °C during sunny
days and 25 °C when the sky was cloudy. However,
on the fifth experimental day an extreme of 34.8 °C
was recorded. Minimal daily temperature (TAmin)
oscillated between 20 °C and 15 °C with an extreme
of 11.6 °C at the end of experiment.
Significant changes in water regime parameters
occurred in watermelon plants during the dehydration
cycle. Leaf relative water content (RWC) measured at
1300 hours was 5% higher (round 95%) after 4 days
of dehydration than at its beginning in both mulched
and non-mulched plants (Figure 2a). These values
did not change until the end of the experiment in
watered (mulched as well as non-mulched) plants,
whereas dehydration caused gradual loss of RWC
in non-mulched plants, first observed after 12 days
and in a markedly larger extent after 26 days (almost
10%). However, red polyethylene (PE) mulch did not
significantly reduce this RWC loss (Figure 2a and b).
45

Micrometeorological data recording

Statistical data processing
Obtained data were submitted to analysis of
variance (ANOVA) using the application Statgraphics
Plus v. 4.0. LSD tests on confidence levels of 99%
and 95% were performed to relative water content,
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Maximal
Air temperature (°C)

In the course of the dehydration period in
both experiments, daily air temperature extremes,
maximal (TAmax) and minimal (TAmin), were
monitored. In the autumnal greenhouse experiment,
above-microcanopy (0.35 m distant) air temperature
(TAM) at 1300 hours was recorded as well. By the start
of the heating period (last 9 days of the experiment),
the minimal air temperature oscillated round 18 °C.
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Figure 1. Course of daily temperature extremes in Experimental
Garden of Slovak Agricultural University in Nitra
during summer external experiment 2009.
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Figure 2. Changes in leaf relative water content (a), osmotic potential (c), and osmotic adjustment (e) in dehydrated watermelon plants
as influenced by red polyethylene mulch, and treatment comparison in these parameters at the end of summer experiment
(b, d, f). Asterisk indicates a statistically significant difference at P = 0.05, and letters a statistically significant difference at P =
0.01.

Following dehydration 3 phases of leaf osmotic
potential (OP) decrease could be distinguished
(Figure 2c): 1. relatively slow decrease until the 4th
day, 2. faster decline until the 12th day, and 3. gradual
lowering until the end of the experiment. Although
at the end of dehydration a general OP decrease was
observed (Figure 2c and d), significant differences
were exhibited only in non-mulched plants (around
-0.88 MPa in non-watered plants against around

-0.79 MPa in watered ones). Plants mulched by red
PE foil, whether watered or not, were intermediate in
this parameter.
Reductions in OP throughout the experiment
were accompanied by a marked osmotic adjustment
(OA), as depicted in Figure 2e. The fastest solute
accumulation was accomplished between the 4th
and the 12th day of dehydration. Thereafter only a
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slight OA increase to around 0.35 MPa was observed.
However, we found no treatment difference among
dehydrated or hydrated plants (Figure 2f).
Figure 3a depicts total dry matter (W) dynamics
in dehydrated watermelon plants as influenced by red
mulching foil. Up to the 12th day of the dehydration
cycle similar growth intensity was observed in both
treatments. Significant differences were revealed at
the end of experiment only. Mulched plants produced
more than 6.5 g of W, whereas plant without plastic
mulch approximately 4.3 g only. Taking into account
hydrated plants, dry matter benefit caused by mulch
was identical to that in dehydrated plants, and plants
without mulching became intermediate in W (Figure
3b).
Focusing on active leaf area (A), we observed
a relatively rapid increase in the first half of the
dehydration period (up to the 12th day), followed
by a gradual loss during the second one (Figure

10

a

Dehydrated

3c). However, in non-mulched plants it was more
intensive than in mulched ones.
Active leaf area in hydrated mulched plants
recorded at the end of dehydration cycle was
approximately 0.014 m2 larger than in dehydrated
mulched plants with 0.039 m2, but there was no
statistical difference between them (Figure 3d).
However, in comparison with dehydrated nonmulched plants (A of 0.023 m2 on average), plants of
these treatments exhibited significantly higher values.
Hydrated non-mulched plants were intermediate.
Analysis of watermelon transpiration rate (T),
calculated as the average for the whole experimental
period, showed 5 times higher values (approximately
1500 g m-2 day-1) in mulched than in non-mulched
plants under dehydration (Figure 4a). However, the
opposite situation was observed when we evaluated
evaporation rate (E): evaporative water loss from nonmulched pots was almost 6 times faster (around 1400
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Figure 3. Plant dry matter (a) and active leaf area (c) dynamics in dehydrated watermelon plants as modified by red polyethylene
mulch, and treatment comparison in these parameters at the end of summer experiment (b, d). Double asterisk and letters
indicate a statistically significant difference at P = 0.01.
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Figure 4. Effect of red polyethylene mulching on average
transpiration rate, average evaporation rate (a),
transpiration efficiency and water use efficiency (b)
in dehydrated watermelon plants evaluated at the
end of summer experiment. Transpiration rate and
transpiration efficiency – gray columns, evaporation
rate and water use efficiency – white columns. Letters
indicate a statistically significant difference at P = 0.01.

g m-2 day-1) than from mulched ones. The parameter
integrating transpired water with produced dry
matter - transpiration efficiency (TE) in mulched
individuals reached only 0.00396 on average but in
plants without mulch TE was 0.01221 (Figure 4b).
When water lost by evaporation was taken into
account, water use efficiency (WUE) was 0.00333 in
average—2 times higher than in the latter ones.
Autumnal greenhouse experiment
During the autumnal experiment a general cooling
accompanied by more changeable weather was
observed (Figure 5). The course of maximal daily air
temperature points to a gradual decrease from around
27 °C to 5 °C with a large fluctuation (warming to
27 °C) in the first third of October. However, abovemicrocanopy temperature (TAM) measured at 1300
hours did not fall below 20 °C. In contrast, on sunny
days, extreme TAM increases (nearing 40 °C) caused

21.9.

28.9.

5.10.
Date

12.10.

19.10.

26.10.

Figure 5. Course of daily temperature minimum and maximum
in external conditions of Experimental Garden,
Slovak Agricultural University in Nitra, and of abovemicrocanopy temperature at 1300 hours, during
autumnal greenhouse experiment 2009.

by the greenhouse effect were observed. Minimal air
temperature (TAmin) also showed marked fluctuations
but the absolute temperature decrease throughout
the experiment was relatively mild. Values ranged
from 15 °C (in the first third of October) to 2 °C (at
the end of the experiment). However, due to heating,
minimal greenhouse air temperature did not fall
below 18 °C in the last 9 experimental days.
In this experiment of simplified design similar
results were recorded to those obtained in summer.
However, treatment differences in some physiological
and production parameters was markedly amplified,
and in other ones significantly moderated.
Comparing RWC values from the beginning and the
end of experiment a marked increase (round 4% in
average) in watered treatments was found (Figure
6a). On the other hand, dehydrated non-mulched
plants showed significantly (round 6%) lower RWC.
However, relative water content in dehydrated
plants covered by plastic mulch did not statistically
differ from that of watered treatments. Leaf OP was
significantly reduced during the cultivation period as
well (Figure 6b). The largest decrease was exhibited
in dehydrated plants without mulch (-0.23 MPa in
average), and the lowest one in plants of hydrated
treatments (-0.15 MPa). Osmotic potential obtained
in dehydrated watermelon plants mulched by red
foil showed intermediate values. However, in every
treatment the same extent of OA (round 0.2 MPa)
was observed (Figure 6c).
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Figure 7. Treatment comparison in plant dry matter (a) and
active leaf area (b) of watermelon plants at the end of
autumnal experiment. Dotted lines represent initial
average values of respective parameters; letters indicate
a statistically significant difference at P = 0.01.
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Figure 6. Leaf relative water content (a), osmotic potential (b),
and osmotic adjustment (c) in hydrated and dehydrated
watermelon plants as influenced by red polyethylene
mulch at the end of autumnal experiment. Dotted
lines represent initial average values of respective
parameters; letters indicate a statistically significant
difference at P = 0.01.

In respect of plant dry weight ascertained at the
end of the dehydration cycle, treatments could be
ordered as follows (Figure 7a): 1. dehydrated nonmulched plants of 6.18 g in average, 2. dehydrated
mulched plants of 8.47 g, 3. hydrated non-mulched
plants of 9.72 g, and 4. hydrated mulched plants of
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D+M

12.36 g. There was a significant difference between
them. Only hydrated non-mulched plants were
intermediate between dehydrated and hydrated
plants mulched by red foil. A similar treatment
distribution was observed in active leaf area (Figure
7b). However, hydrated plants without mulch were
identical to dehydrated mulched plants. Hydrated
mulched plants reached values of 0.126 m2 on average.
Dehydrated non-mulched plants showed only half
A, and dehydrated mulched as well as hydrated
non-mulched watermelon plants lost a quarter A of
hydrated mulched plants.
Dehydrated plants without plastic mulch
transpired significantly (1.8 times) less water per leaf
area and time unit (493 g m-2 day-1) but evaporated
9 times faster (1086 g m-2 day-1) than plants with red
polyethylene cover (Figure 8a). Taking into account
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dry matter production, they exhibited 1.7 times
higher TE (0.00877) and 1.7 lower WUE (0.00284)
(Figure 8b).
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Figure 8. Average transpiration rate, average evaporation rate
(a), transpiration efficiency and water use efficiency
(b) in dehydrated as well as dehydrated and mulched
watermelon plants at the end of autumnal experiment.
Transpiration rate and transpiration efficiency – grey
columns, evaporation rate and water use efficiency
– white columns. Letters indicate a statistically
significant difference at P = 0.01.

Discussion
Watermelon is a crop of extraordinarily high
drought resistance. It is able to switch between 2
survival strategies: at the early stage of drought
stress, root development is significantly enhanced
(drought avoidance), while at the later stage lignin
synthesis-related proteins and molecular chaperones,
increasing desiccation tolerance, are induced
(Yoshimura et al. 2008). Almost 1 month watermelon
dehydration (until stable wilting symptoms occurred)
in our experiments confirms the knowledge of its
large drought resistance. Leaf relative water content
(RWC) of non-mulched plants fell to round 85% in
both the summer and autumn trial. Red polyethylene

(PE) mulching foil reduced this loss by round 5%.
However, this water deficit alleviation was not caused
by larger osmotic adjustment (OA) but through more
available water in soil substrate saved by minimalized
evaporation. This result is consistent with our former
works focused on evaluation of water saving ability
of different mulching materials, and determination
of the principal environmental factor, as modified by
mulch, defining shoot growth under drought (Ferus
et al. 2009). In every case, plants either did not suffer
from stress or they exhibited first stress-avoiding
strategy (Yoshimura et al. 2008). However, plants
of each treatment underwent almost the same OA
throughout the external or greenhouse cultivation,
though in the autumnal experiment they showed only
half values (round 0.2 MPa). As described by Yokota et
al. (2002), citrulline is the most important compatible
solute responsive for watermelon drought tolerance.
The large solute accumulation in our experiments
could be associated with plant ontogenetic changes
as amplified by cumulative exposure to abovethreshold temperatures (Morgan 1984; Krouma
2010), explaining the interexperimental difference.
Increased OA was probably the main reason for the
general RWC rise in the first phase of cultivation.
Many works refer to RWC loss alleviation provided
by PE mulch. However, most of them concentrated
on black PE foil tests (Kirnak et al. 2003; Kaya et al.
2005).
Dehydration conserved plant dry weight (W) of
non-mulched watermelon plants through a balance
between senescence and limited growth in the
second part of the summer experiment. However,
mulched plants developed comparably to those
with sufficient water supply and plastic mulch. On
the other hand, in autumn they produced as large
W as hydrated plants without mulching foil. These
results point to a changing role of red PE mulch in
biomass production when dehydration is combined
with different temperature environments. Second,
greenhouse plants produced much more biomass
than those grown in external conditions, possibly
due to temperatures closer to the optimum. Only
a few groups evaluated growth effects of a scale of
colored PE mulches, including red foil, in the family
Cucurbitaceae. Saleh et al. (2003) demonstrated that
among red, blue, violet, and yellow-green plastic
mulch, the highest cucumber (Cucumis sativus L.)
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plant length, total leaf area, total fruit weight as well as
air temperature, humidity, and soil temperature were
achieved on red mulch. Ibarra-Jimenez et al. (2008)
report a positive relationship between root-zone
temperature, as influenced by mulch, photosynthetic
rate, and fruit yield.
One of the reasons for the wide use of PE cover
mulches in farm practice is their ability to limit
non-effective evaporation and saving water for
transpiratory use, thus reducing production costs
(Kashyap et al. 2009; Singh et al. 2009). Also in our
experiments, evaporation from mulched pots was
negligible compared to pots without plastic cover.
Therefore, significantly higher transpiration rate could
be seen in dehydrated plants protected by mulch.
Comparing respective experiments, markedly smaller
treatment differences in the autumnal than summer
trial were obtained. Probably they were associated
with higher relative air humidity in the greenhouse
reducing transpiration in mulched watermelon
plants through lower vapor pressure deficit, and
stimulating transpiration in non-mulched ones by
higher stomatal opening (Roelfsema and Hedrich
2005). However, the ratio of dry matter produced
and water transpired by plant, the transpiration
efficiency (TE), was significantly lowered by red PE
mulch (particularly in summer). Is the mulch color
responsible for this TE fall? Polyethylene films are
mostly identical in respect of water saving properties.
However, its color importantly alters the light
and temperature environment of growing plants.
According to Diaz-Perez and Batal (2002), root-zone
temperature as well as total plant biomass and fruit
yield is a function of color intensity (from white to
black). Thus, lower rhizosphere temperatures and
possibly also production characteristics could be
expected. However, thickness of the paint layer
can also play an important role, because less color
increases light transmission to soil surface and
possibly frequency of rhizosphere overheating as
well (Rivero et al. 2003). Light mulch colors enhances
reflection of solar radiation (Diaz-Perez and Batal
2002), thus increasing photon flux density and altering
light quality near the soil surface. Luxury absorption
of red light by leaves of creeping watermelon plants
could cause photoinhibition of photosynthesis
further amplified by dehydration (Adir et al. 2003;
Lawlor and Tezara 2009). Moreover, photosynthetic
CO2 consumption enhanced by red light put pressure
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on stomatal opening and transpiration (Roelfsema
and Hedrich 2005). Above-ground part of plants
can potentially suffer from heat stress, because
of enhanced heat convection and reduced latent
heat flux from evaporation upon red plastic mulch
(Tarara 2000), affecting photosystem II activity in
the chloroplast thylakoid membrane (Allakhverdiev
et al. 2008) as well as stomatal aperture and activity
of CO2 assimilatory enzymes, respectively (Wahid et
al. 2007). Red mulch increases the ratio of red to far
red light (R/FR) (Kasperbauer and Hunt 1998; Tarara
2000) and, depending on tone, it can markedly
influence plant growth reactions (Orzolek and Otjen
2005). Some of these events affecting dry matter
production or transpiration rate must occur in our
experiments and shift TE of mulched plants below
the plants without mulch.
Calculation of water use efficiency (WUE),
considering evapotranspiration, brought agreement
with recent works on exclusively black PE mulching
foil (Kaya et al. 2005; Nimah 2005; Kirnak and
Demirtas 2006) that PE mulch enhances WUE. This
is a case of technological element improving not only
WUE but also so-called effective use of water (EUW),
a parameter preferred by Blum (2009) in conceptual
and practical breeding for drought resistance. Since
biomass production is tightly linked to transpiration,
this parameter implies maximal soil water capture
for transpiration, and genotypes or technologies
improving EUW generally provide intensive growth
and excellent yield under drought conditions.
However, for WUE this is true only in specific
cultivation conditions and crop developmental stages.
On the other hand, efficiency by which the saved soil
water was utilized for dry matter production was
lowered by red mulching.
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